Objective To determine the nutritional factors that influence disease spread in patients with pulmonary Mycobacterium avium complex (MAC) infection. Methods A prospective observational study. Patients Patients with pulmonary MAC infection were enrolled in this study. Chest computed tomography (CT), abdominal CT, and physical, clinical, and nutritional laboratory data were collected after obtaining informed consent. Results Seventy-eight patients (16 males and 62 females) were consecutively enrolled. While the mean body mass index (BMI) was low (19.6 ± 2.7 kg/m 2 ), the mean serum albumin concentration was within normal range (4.2 ± 0.2 g/dL). We evaluated the number of affected lung segments to define the degree of disease spread, and examined the relationships between various parameters and disease spread. Multivariate analysis identified the duration of the disease (+1.6 segment/100 months, p=0.03), BMI (-0.5 segment/BMI, p=0.003), and white blood cell count (+0.7 segment/1,000 WBC, p=0.03) as factors contributing to disease spread. Conclusion BMI is an excellent marker for nutritional assessment and for predicting disease spread in patients with pulmonary MAC infection.
Introduction
Nontuberculous mycobacteriosis is an infectious disease caused by mycobacteria other than Mycobacterium tuberculosis. Nontuberculous mycobacteria (NTM) primarily cause chronic pulmonary disease, which progresses slowly (1, 2) , but it may be fatal in patients in the terminal stage of AIDS (3) . The incidence of non-AIDS NTM, which sometimes results in a fatal course (5) , is increasing (4) . The significance of NTM has been gradually recognized, but its characteristics are not fully understood, partly due to the paucity of clinical studies on NTM.
Recent studies have revealed that nutritional state is one of the prognostic factors for patients with colon cancer (6) , lung cancer (7), tuberculosis (8, 9) , and several other systemic diseases (10) . We previously reported that malnutrition in pulmonary tuberculosis is significantly correlated with mortality and a prolonged hospital stay (8) , and extended disease distribution (11) . We hypothesized that nutritional state may also be associated with disease spread, which was reported to relate to patient mortality (12) , in pulmonary NTM.
In the present study we investigated patients with pulmo-nary Mycobacterium avium complex (MAC) infection, which includes more than half of the causative bacteria of pulmonary NTM (13, 14) . We evaluated the number of affected lung segments as an objective and quantitative parameter to assess disease spread. Use of this parameter revealed a significant relationship between decreased body mass index (BMI) and disease spread. This is the first report to demonstrate a relationship between nutritional state and disease spread in pulmonary NTM.
Materials and Methods

Study subjects
Study subjects comprised patients with a diagnosis of pulmonary MAC infection either visiting or hospitalized in our hospital from May 2010 to November 2010. An informed consent was obtained from all patients. Diagnosis of NTM was based on criteria published by the Japanese Society for Tuberculosis (15) . Briefly, the criteria requires isolation and identification of the bacteria (i.e., positive cultures from samples obtained by bronchofiberscopy or from sputum at least twice) and chest imaging results indicative of NTM. There were 87 NTM patients in our hospital during that period, 81 of whom had pulmonary MAC infection. Seventynine patients agreed to participate in the study. One patient was eliminated from the study because they did not complete the scheduled hospital visit to assess CT and laboratory data. Thus, data from 78 patients were analyzed in this study.
Data collection
Physical examination (height and weight), chest and abdominal computed tomography (CT) scans, and laboratory tests were routinely performed. CT scans were performed at a 5 mm slice thickness with the use of HITACHI RO-BUSTO Ai. Laboratory tests included a white blood cell (WBC) count, a lymphocyte count, and serum concentrations of albumin, choline esterase, total cholesterol, transferrin, and prealbumin. Duration of disease was defined as the period from the date of diagnosis to the date when the patient visited for data collection. Patient characteristics (sex, age, type of isolated bacteria, disease duration, and comorbidity) were also collected. The study protocol was approved by the institutional review board, and a written informed consent was obtained from all patients. Affected lung segments in chest CT scans were quantified by a doctor who had received no information about nutritional status of the patients. Nodular shadow, cavity, bronchiectasis, linear shadow, and consolidation were regarded as lesions induced by pulmonary MAC infection. The number of affected lung segments was counted and considered as disease spread. In patients who showed bronchiectasis in the right S4 and S5; nodular shadows in the right S6, S8, and left S6; the affected lung segment was counted as five. Waist size and visceral fat were calculated by fatPointer (Hitachi Medical Co.) from the CT slice taken at the level of the umbilicus.
Statistical analysis
Correlational analysis was performed by Pearson's product-moment analysis, and the p-value for the Pearson product-moment correlation coefficient (r) was calculated by t-test ( 
Results
Characteristics of the study population
Patient background (sex, age, and comorbidities), physical data (height, weight, and BMI), laboratory data (WBC counts, lymphocyte counts, serum concentrations of albumin, choline esterase, total cholesterol, transferrin, and prealbumin), and their disease information (duration, type of isolated bacteria, disease spread) are shown in Table 1 . We investigated 16 (21%) male and 62 (79%) female patients in the present study. We isolated Mycobacterium intracellulare from 41 (53%) patients, Mycobacterium avium from 32 (41%) patients, and both bacteria from five (6%) patients. The mean patient age was 71.7 years. Several studies have demonstrated that diabetes mellitus (DM), systemic steroid therapy (16) , and AIDS (17) affect the imaging of pulmonary tuberculosis. We therefore collected patient information regarding DM and steroid therapy, but given the low HIV prevalence in our country (<0.1%) (18), we did not collect information about HIV. There were six (8%) patients with DM, and none of the patients were receiving systemic steroid therapy. Physical data (height, weight, BMI, waist size, and visceral fat) were also calculated for each sex. The mean height was 164.5 cm for males and 151.2 cm for females, which are almost equivalent to the mean values for those aged 70-75 years old in the Japanese population (male, 162.2 cm; female, 149.6 cm) (19) . On the other hand, the mean weights were 55.4 kg for males and 44.6 kg for females, approximately 10% lower than the means for those 70-75 years old in the Japanese population (male, 62.3 kg; female, 51.8 kg) (19 
Relationships between patient characteristics
Correlational analyzes were performed among various data ( Table 2) . Nutritional information based on physical data (BMI, waist size, and visceral fat) were all strongly correlated (r >0.6) with each other. In particular, BMI and waist size were highly correlated (Fig. 1) . Among laboratory data, we observed moderate correlations (r=0.3-0.5) between serum concentrations of albumin and choline esterase, albumin and prealbumin, prealbumin and total cholesterol, and WBC count and lymphocyte count. With regard to physical and laboratory data, we observed modest correlations (r=0.2-0.4) between BMI and lymphocyte count, waist size and lymphocyte count, visceral fat and lymphocyte count, BMI and albumin, and waist size and albumin.
Relationships between patient characteristics and disease spread
Next, correlational analysis was performed between the data parameters and disease spread (i.e., number of affected lung segments). While age, disease duration, BMI, waist size, WBC count, albumin, and prealbumin were significantly correlated with disease spread (Table 3) , sex, type of isolated bacteria, and diabetes mellitus were not (Table 4) .
Univariate analysis identified age, disease duration, BMI, waist size, WBC count, albumin, and prealbumin as factors which are significantly related to disease spread (Table 3, 4), and these factors were then analyzed by multiple linear regression analysis. Waist size was excluded from multiple linear regression since it showed a very strong correlation (r=0.88) with BMI. Multiple linear regression analysis identified disease duration (+1.6 segment/100 months, p=0.03), BMI (-0.5 segment/BMI, p=0.003), and WBC count (+0.7 segment/1,000 WBC, p=0.03) as independent factors that influence disease spread (Table 5) .
Discussion
The present study demonstrated that patients with pulmonary MAC infection have decreased BMI with normal serum albumin concentrations, and that decreased BMI is significantly associated with disease spread. These observations suggest that BMI may be used as a marker to assess both nutrition in patients with pulmonary MAC infection and the spread of pulmonary MAC infection. Disease duration and WBC counts were also found to be correlated with disease spread, indicating that WBC counts increase in association with disease spread. To the best of our knowledge, the present report is the first to characterize the relationship between nutritional state and disease spread in pulmonary NTM.
Kim et al (20) reported that patients with pulmonary NTM in the United States are taller and leaner, and that 36% of these patients show gene mutation of a cystic fibrosis transmembrane conductance regulator (CFTR). In the present study of pulmonary MAC infection, patients tended to be lean. Although patient height was nearly average, BMI was approximately 15% lower than the average (Table 1) . Irrespective of the leanness, however, serum albumin concentrations remained in the normal range (Table 1) . Marasmus, a type of malnutrition often observed in patients with anorexia nervosa, is characterized by decreased BMI and normal albumin concentrations (21) . In contrast, malnutrition observed in patients with acute pneumonia is characterized by decreased albumin concentrations, and the degree of hypoalbuminemia is related to the prognosis of pneumonia (22) . Patients with pulmonary MAC infection in the present study displayed characteristics of marasmus, which may be a hallmark of chronic malnutrition. In addition to BMI, waist size and visceral fat were assessed by fatPointer (Hitachi Medical Corporation, Tokyo) as nutritional factors. Although waist size and visceral fat are generally used to assess obesity or metabolic syndrome, the present study found that waist size and visceral fat were correlated with BMI in lean patients (Table 2, Fig. 1 ). Given the sex-dependent differences, visceral fat is difficult to be used as a universal marker. On the other hand, waist size did not vary widely by sex, and waist size was strongly correlated to BMI (Fig. 1) . Therefore, it is strongly suggested that waist size can be used as a substitute for BMI in cases in which BMI is difficult to determine or measure.
Interestingly, both univariate and multivariate analyzes found that decreases in BMI are strongly correlated with the spread of pulmonary MAC infection. The present study is insufficient to determine whether decreased BMI exacerbates pulmonary MAC infection or whether advanced pulmonary MAC infection decreases BMI. Prospective observations, which are currently under way, will be necessary to clarify this. We also found that the number of affected lung segments in MAC infection can be used as an objective and useful indicator of disease severity, given the background that an objective evaluation of the severity of pulmonary MAC infection and its prognosis is still difficult.
One remarkable finding from the laboratory tests was the decrease in serum prealbumin (Table 1) . Multivariate analysis revealed a marginally significant correlation between serum prealbumin and disease spread (p=0.056, Table 5 ), but different output settings may produce a different result. In order to determine the usefulness of prealbumin, more patients with pulmonary NTM will need to be investigated.
Multivariate analysis revealed that disease duration and WBC counts were positively associated with disease spread. Since pulmonary MAC infection is a progressive disease, the association between disease duration and disease spread is easily expected. The changes in WBC counts observed in patients of pulmonary MAC infection confirmed that WBC counts increase in association with disease spread and that they reflect the severity of pulmonary MAC infection.
Although death is one of the most important results in the assessment of pulmonary infectious disease, it is very difficult to use death as the result of pulmonary MAC infection. Pulmonary MAC infection is slowly progressive, thus it takes a long time to follow. Some patients died from other diseases during the prolonged pulmonary MAC infection. The shadow induced by NTM is sometimes faint, and diffi- cult to evaluate by chest roentgen. Therefore, we adopted the disease spread (the number of affected segments by chest CT) as the objective variable in this study. Our previous report demonstrated the relationships between extended distribution and mortality. In addition, we analyzed information about treatment. Fifty-two patients were receiving antibiotic therapy at the time of analysis. The number of affected lung segments was not changed between the currently treated group and not treated group (currently treated group: 10.7 ± 4.4 segments vs not treated group: 10.2 ± 4.4 segments, p=0.64). It is difficult to discuss the influence of antibiotic treatment on disease spread from this study, because most patients (74 patients; 96.1% in this study) had an experience of antibiotic therapy.
In the near future, we will plan a long-term follow-up study to examine how malnutrition affects the progression of pulmonary NTM. We are also considering an interventional study to determine whether potent nutrition support can inhibit the progression of pulmonary NTM. We expect that our observations from the present study will be useful for these future studies.
Conclusion
The present study clearly indicates that despite normal serum albumin concentrations, patients with pulmonary MAC infection show decreased BMI, which is significantly related to disease spread. It also indicated that BMI is an excellent marker that can be used for nutritional assessment in patients with pulmonary MAC infection, and increases in disease duration and that WBC counts are also correlated with disease spread. These observations strongly suggest that nutritional assessment is important for evaluating disease progression in patients with pulmonary MAC infection.
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